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(54) Powder coating system 

(57) An apparatus for applying powder coating 
material onto large objects such as automotive, truck or 
other vehicle bodies (32) includes a powder spray booth 
(12) defining a controlled area (30) within which to apply 
powder coating material onto the vehicle bodies (32), a 
powder kitchen (14) located at a remote position from 
the powder spray booth (12), and a number of feed hop- 
pers (68. 96) located proximate the booth which receive 
powder coating material from the powder kitchen (14) 



and supply it to automatically or manually manipulated 
powder spray guns (42, 46) associated with the spray 
booth (12). Oversprayed powder coating material is 
removed from the spray booth (12) interior by a powder 
collection and recovery system (16) which transmits the 
oversprayed powder back to the powder kitchen (14) for 
recirculation to the powder spray guns (42, 46). 
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Description 

Field of the Invention 

[0001] This invention relates to powder coating sys- 
tems, and, more particularly, to a powder coating sys- 
tem for use in vehicle manufacturing facilities including a 
powder spray booth, a powder supply located remote 
from the booth and a powder collection and recovery 
system. 

Background of the Invention 

[0002] The application of coating materials to large 
objects such as automotive and other vehicle bodies 
has conventionally been accomplished in spray booths 
having an elongated tunnel-like construction formed 
with an inlet for the ingress of a vehicle body, a coating 
application area, a curing or drying area in some 
designs, and, an outlet for the egress of the vehicle 
body. In many systems, "conditioned" air, i.e. humidified 
and filtered air, is introduced by a blower or feed fan into 
a plenum chamber at the top of the spray booth and 
then directed downwardly toward the vehicle body mov- 
ing through the booth. The conditioned air picks up 
oversprayed coating material within the booth interior 
and this air entrained oversprayed material is drawn 
downwardly through the floor or side of the booth by one 
or more exhaust fans. Rlters are provided to capture the 
oversprayed coating material, and the resulting filtered 
or clean air is withdrawn from the booth and either 
exhausted to atmosphere or recirculated within the sys- 
tem for reuse. 

[0003] The coating material in most common use 
for vehicles such as automobiles, trucks and the like is a 
high solids, resinous paint material which contains a rel- 
atively high percentage of liquid solvent components to 
facilitate atomization of the resinous material. The prob- 
lems attendant to the recovery of oversprayed, resinous 
paint material have been well documented and present 
a continuing environmental problem for the coating and 
finishing industry. See U.S. Patent Nos. 4,247,591 to 
Cobbs, et al. and 4,553,701 to Rehman, et al. 
[0004] As disclosed in U.S. Patent No. 5.078,084 to 
Shutic, et al., owned by the assignee of this invention, 
powder coating material has been suggested as an 
alternative to solvent based liquid paint materials forthe 
coating of large objects such as vehicle bodies. In the 
practice of powder coating, a powdered resin is applied 
to the substrate and then the substrate and powder are 
heated so that the powder melts and when subse- 
quently cooled, forms a solid continuous coating on the 
substrate. In most powder spraying appltoations, an 
electrostatic charge is applied to the sprayed powder 
which is directed toward a grounded object to be coated 
so as to increase the quantity of powder which attaches 
to the substrate and to assist in retaining the powder on 
the substrate. The application of powder material onto 



automotive or truck bodies Is performed in a spray booth 
which provides a controlled area wherein oversprayed 
powder which is not deposited on the vehicle body can 
be collected. Containment of the oversprayed powder 

5 within the booth is aided by an exhaust system which 
creates a negative pressure within the booth Interior 
and causes the oversprayed powder to be drawn 
through the booth and into a powder collection and 
recovery system. The recovered, oversprayed powder 

10 can be saved for future use. or is immediately recycled 
to powder spray guns associated with the powder spray 
booth. 

[0005] A number of problems are inherent in coat- 
ing automotive and other vehk;le bodies with powder 

15 coating material. Due to the design of vehicle manufac- 
turing facilities, the source of coating material is usually 
positioned at a remote location from the spray, booth, 
i.e. as much as several hundred feet. Moreover, large 
quantities of powder coating material, e.g. on the order 

20 of 300 pounds per hour (136.08 kg per hour) and up, 
must be transferred from the source to the spray booth 
over this relatively long distance at flow rates such as 1 
to 2 pounds per second (0.45 to 0.91 kg/s). Additionally, 
the powder coating material must be transfen-ed with 

25 the appropriate density and particle distribution In order 
to obtain an acceptable coating of the powder material 
on the vehicle bodies. The temi "density" refers to the 
relative mixture or ratio of powder-to-air, and the term 
"particle distribution" refers to the disbursion of powder 

30 particles of different sizes within the flow of air entrained 
powder material to the spray guns associated with the 
powder spray booth. It has been found that cun-ently 
available powder coating systems are generally incapa- 
ble and/or deficient in transporting large quantities of 

35 powder material at high flow rates over long distances, 
while maintaining the desired density and partnle distri- 
bution. 

[0006] As noted above, not all of the powder coating 
material discharged within the powder spray booth 
40 adheres to the vehicle bodies moving therethrough. 
This oversprayed powder material is collected by a pow- 
der collection and recovery system at the base of the 
booth as disclosed, for example, in Patent 5,078,084 to 
Shutic. et al. In systems of this type, the powder collec- 
ts tion and recovery system includes individual groups or 
bank of cartridge filters each contained within a series 
of individual powder collection chambers mounted side- 
by-slde beneath the floor of the spray booth. A single 
exhaust fan or blower creates a negative pressure 
50 Within the booth interior, which draws oversprayed. air 
entrained powder material Into each of the individual 
powder collection chambers where the powder is col- 
lected on the walls of the cartridge filters and "clean air" 
passes therethrough for eventual discharge to atmos- 
55 phere. Reverse air jets are operated to dislodge the col- 
lected powder from the walls of the cartridge filters 
which then falls to the base of the powder collection 
chambers where it is removed for collection or recircula- 
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tion back to the spray guns associated with the powder 
spray booth. 

[0007] In high volume applications such as coating 
automotive vehicle bodies, serviceability of the powder 
collection and recovery system, and, the application of a s 
uniform negative pressure within the booth interior are 
of particular concern. It has been found somewhat diffi- 
cult In certain instances to obtain a uniform negative 
pressure within the booth interior using a single exhaust 
or blower fan. which, in turn, adversely affects the effi- io 
ciency with which the powder coating material can be 
collected and also can disrupt the pattern of powder 
coating material discharged from the spray guns onto 
the vehicle bodies moving through the booth. There has 
also been a need in systems of this type to improve the is 
serviceability of the reverse air jet valves and cartridge 
filters contained within each powder recovery chamber. 

Summary of the Invention 

20 

[0008] It is therefore. among the objectives of this 
Invention to provide a powder spraying system for 
applying powder spraying system for applying powder 
coating material onto large objects such as automotive 
or other vehicle bodies which is capable of transmitting 25 
large quantities of powder material over long distances 
at relatively high flow rates while maintaining the 
desired density and particle distribution, which is capa- 
ble of automatically maintaining the appropriate volume 
of powder coating material within the system irrespec- 30 
five of demand, which efficiently collects and recovers 
large quantities of oversprayed powder for recirculation, 
and, which is comparatively easy to service. 
[0009] In accordance with the present invention, 
apparatus for applying powder coating material onto 3s 
objects comprises a powder spray booth having an inte- 
rior in which powder coating material is applied to 
objects moving therethrough, powder collection units 
extending along substantially the length of the booth, 
each of the powder collection units having a powder col- 4o 
lection chamber for receiving oversprayed powder 
material from the interior of the spray booth, at least one 
filter located within each of the powder collection chanri- 
bers for collecting oversprayed powder, at least one air 
valve positioned to Inject pulses of compressed air into 45 
the filter to dislodge powder adhering to the filter and 
allow the powder to fall into the bottom of the powder 
collection chambers, wherein the bottom of each of the 
powder collection chambers includes an inclined porous 
plate which is mounted at an angle relative to horizontal, so 
wherein each powder collection chamber has an air 
inlet for directing a flow of air through the inclined 
porous plate to fluidtze powder coating material above 
the inclined porous plate and an outlet provided at the 
lower end of the inclined porous plate, and wherein the 55 
outlets are connected to at least one header pipe which 
is connected through a reclaim powder receh^er to a 
source of suction whereby oversprayed powder coating 
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material is drawn from the powder collection units 
through the outlets and header pipe into the reclaim 
powder receiver. 

[0010] The invention provides an efficient, easily 
serviceable powder collection and recovery system for 
the powder spray booth. The powder collection and 
recovery system herein is modular in construction 
Including a number of powder collection units extending 
the length of the powder spray booth and preferably 
mounted side-by-slde beneath Its floor. Each of the 
powder collection units includes a powder collection 
chamber housing filter means preferably comprising two 
groups or banks of cartridge filters mounted in an 
inverted V shape above an angled, fluidized plate 
located at the base of the powder collection chamber. 
Removal of powder material from each of the powder 
collection chanbers is made easier by the angled, fluid- 
izing plate at the base thereof which aids In smoothly 
transferring powder out of the chambers. 
[0011] In the preferred embodiment which, pro- 
duces a uniform, downwardly directed flow of air within 
the booth interior, a limited number of individual powder 
collection units are connected by a common duct to a 
separate exhaust fan or blower unit. Each exhaust fan is 
effective to create a negative pressure within its associ- 
ated powder collection units to draw air entrained, over- 
sprayed powder material from the booth interior, 
downwardly through the floor of the booth and then into 
each of the powder collection chambers. The over- 
sprayed powder material collects on the walls of the car- 
tridge filters and "dean" air passes therethrough into 
clean air chambers associated with each powder collec- 
tion unit. Pulsed jets of air are periodically introduced 
into the interior of the cartridge filters from air jet valves 
positioned thereabove to dislodge powder collected on 
the walls of the filters which then falls onto the angled 
fluidizing plate at the base of each powder collection 
chamber for removal. Each powder collection chamber 
has an outlet connected to a common header pipe, and 
a gate valve is positioned in each of these outlet lines. 
The system controller is effective to sequentially open 
and close the gate valves so that collected powder 
material is removed from the various powder collection 
units in sequence for transfer to the reclaim hopper 
associated with the powder kitchen. 
[0012] The construction of the powder collection 
and recovery system herein provides a number of 
advantages. Because a number of exhaust or blower 
units are employed, each associated with a limited 
number of powder collection units, a more uniform and 
evenly distributed downward flow of air is created within 
the interior of the powder spray booth along its entire 
length. This is an improvement over systems having a 
single exhaust fan or blower because it has proven diffi- 
cult to obtain a unifonn negative pressure within a spray 
booth having the extreme length required to coat large 
objects such as vehicle bodies with only one blower 
unit. Servteing of the powder collectton and recovery 
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system herein is also made much easier than in prior 
designs. The reverse air jet valves are located at the top 
of the powder collection units for easy access, and the 
cartridge filters are easily removed from the powder col- 
lection chambers by one operator. Additionally, the walls s 
of the powder collection chamber are made suffblently 
thin so that they are vibrated when the reverse jets of air 
are activated to assist in the transfer of powder onto the 
porous plate. 

[001 3] In a particularly preferred embodiment which io 
is the subject of parent European Patent Application No. 
0701436, the apparatus further comprises a primary 
hopper for receiving powder coating material, first trans- 
fer means, connected to the primary hopper, for trans- 
mitting powder coating material to said primary hopper, is 
first means for sensing the quantity of powder coating 
material within the primary hopper and for causing the 
first transfer means to transmit powder coating material 
into the primary hopper when the quantity of powder 
coating material falls below a predetermined amount, a 20 
feed hopper, second transfer means, connected 
between the primary hopper and the feed hopper, for 
transmitting powder coating material under the applica- 
tion of negative pressure from the primary hopper to the 
feed hopper, and, second means for sensing the quan- 25 
tity of powder coating material within the feed hopper 
and for operating the second transfer means when the 
quantity of powder coating material falls below a prede- 
termined amount. 

[0014] The apparatus is suitable for applying pow- 30 
der coating material onto large objects such as automo- 
tive, trucl^ or other vehicle bodies, the powder spray 
booth defining a controlled area within which to apply 
powder coating material onto the vehicle bodies. 
[0015] The apparatus may further include a "pow- 3S 
der kitchen* located at a remote position from the pow- 
der spray booth and a number of feed hoppers located 
proximate the booth which receive powder coating 
material from the powder kitchen and supply it to auto- 
matically or manually manipulated powder spray guns 40 
associated with the booth. Oversprayed powder coating 
material is removed from the booth interior by a powder 
collection and recovery system which transmits the 
oversprayed powder back to the powder kitchen for 
recirculation to the powder spray guns. 45 
[0016] An efficient means is provided for the trans- 
fer of powder coating material from a remote location, 
i.e. at the powder kitchen, to the feed hoppers located 
proximate the spray booth. This is accomplished by a 
powder transfer system which is operated using vac- so 
uum or negative pressure Instead of positive pressure. 
The powder kitchen includes one or more primary hop- 
pers each coupled to a powder receiver unit connected 
to a source of virgin powder coating material within the 
powder kitchen. A transfer line interconnects the pri- ss 
mary hopper with a powder receiver unit associated 
with each of the feed hoppers at the spray booth. A first 
vacuum pump is operative to create a negative pressure 



within the powder receiver unit associated with the pri- 
nrtary hopper to draw virgin powder material from the 
source into the powder receiver unit which, in turn, sup- 
plies powder to the primary hopper. A second vacuum 
pump applies a negative pressure within each powder 
receiver unit associated with the feed hoppers so that 
virgin powder material from the primary hopper located 
in the powder kitchen is drawn through the long transfer 
line into the powder receiver units assoc'eted with the 
feed hoppers in the vicinity of the spray booth. The pow- 
der receiver units at the spray booth fill their respective 
feed hoppers with powder, which, in turn, is transferred 
from the feed hoppers by powder pumps to powder 
spray guns within the spray booth. 
[001 7] This same principal of powder transfer under 
the application of negative pressure is employed in the 
collection of oversprayed powder material from the 
spray booth. A reclaim hopper located in the powder 
kitchen is coupled to a powder receiver unit connected 
by a reclaim line to the powder collection and recovery 
system associated with the powder spray booth. A vac- 
uum pump creates a negative pressure within the pow- 
der receiver unit associated with the reclaim hopper 
which receives oversprayed powder from the booth, 
and, in turn, transfers such oversprayed powder to the 
reclaim hopper This reclaimed, oversprayed powder is 
then transmitted from the reclaim hopper under the 
application of negative pressure by another vacuum 
pump to supply the powder to powder receiver units 
associated with feed hoppers located near the booth. 
These feed hoppers then supply the oversprayed pow- 
der to spray guns associated with the spray booth which 
are operative to apply the powder to other portions of 
the vehicle body being coated. 

[0018] It has been found that large quantities of 
powder coating material, e.g. on the order of 300 
pounds per hour (136.08 kg per hour) and up, can be 
efficiently and effectively transmitted by the vacuum 
transfer system described atx>ve to satisfy the particular 
demands of automotive manufacturing facilities wherein 
the source of the powder coating material is located 
remote from the powder spray booth. It is believed that 
the use of vacuum, as opposed to positive pressure, 
uses less air and therefore reduces the overall energy 
requirements of the system. Additionally, in the event of 
a leak in one of the transfer lines extending between the 
powder kitchen and spray booth, the powder material is 
drawn inwardly within such transfer lines because of the 
vacuum, therein instead of being forced outwardly as 
would be the case with a positive pressure powder 
transfer system. This reduces the risk of contamination 
of the facility with powder in the event of a leakage prob- 
lem. 

[0019] Another feature related to the powder trans- 
fer principal involves the automatic monitoring and 
replenishment of virgin powder coating material and 
oversprayed powder material as the coating operation 
proceeds. Each of the primary hoppers, reclaim hop- 
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pers and feed hoppers is carried by a load ceil con- 
nected to a prDgrammable logic controller. These load 
cells are set on a zero reference with the empty weight 
of their respective hoppers, and are effective to meas- 
ure the weight of powder material which enters each 5 
individual hopper during operation of .the system. Con- 
sidering a primary hopper, for example, the load cell 
associated therewith sends a signal to the controller 
indicative of the weight of powder within such primary 
hopper during operation of the system. In the event the w 
quantity of powder material within the primary hopper 
falls beneath a predetermined minimum, the controller 
receives a signal from the load cell and operates the 
vacuum pump connected to the powder receiver unit 
associated with such primary hopper so that additional, 75 
virgin powder coating material Is transmitted from the 
source, into the powder receiver unit and then to the pri- 
mary hopper. Once that primary hopper receives a suf- 
ficient level of powder coating material, further supply of 
powder is terminated. The reclaim hopper and feed 20 
hoppers operate in the same manner so that appropri- 
ate levels of powder coating material are maintained in 
each during a powder coating operation. Additionally, a 
connector line is provided between each primary hop- 
per and reclaim hopper so that virgin powder coating ^5 
material can be supplied from the primary hoppers to 
the reclaim hoppers in the event the quantity of over- 
sprayed powder material collected within the powder 
collection and recovery system of the spray booth is 
insufficient to maintain the quantity of powder material 30 
within the reclaim hoppers at the desired level. 
[0020] Suitably structure is provided within each of 
the primary hoppers, reclaim hoppers and feed hoppers 
to ensure that the powder coating material is transferred 
within the system, and supplied to the spray guns, with 35 
the desired density and particle distribution. In this 
respect, principals of operation similar to those 
employed in the powder feed hopper disclosed in U.S. 
Patent No. 5.018,909 to Crum, et al., owned by the 
assignee of this invention, are used in the various hop- 40 
pers. 

Generally, each of the hoppers herein include a porous 
plate which receives an upward flow of air directed 
through baffles located within an air plenum in the base 
portion of such hoppers. Agitators, including rotating 45 
paddles or blades, are located above the porous plate to 
ensure that the powder material is properly fluidized, 
has a homogeneous distribution of powder particles 
and has the appropriate density or air-to-partlde ratio 
prior to discharge from the respective hoppers. so 

Description o f the Drgyifingg 

[0021] The structure operation and advantages of 
the presently preferred embodiment of this invention will ss 
become further apparent upon consideration of the fol- 
lowing description, taken in conjunction with the accom- 
panying drawings, wherein: 
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Rg. 1 is a partial schematic view of one end of the 
powder spray booth including feed hoppers and a 
portion of the powder collection recovery system, 
and including a schematic depiction of the powder 
kitchen; 

Rg. 2 is an elevational view of a powder receiver 
unit and primary hopper contained within the pow- 
der kitchen; 

Fig. 3 Is a plan view of the primary hopper shown in 
Hg. 1; 

Rg. 4 is a cross-sectional view taken generally 
along line 4-4 of Fig. 3; 

Rg. 5 is an elevational view in partial cross-section 
of a feed hopper of this invention; 
Rg. 6 is a schematic, partially cut-away view of a 
robot hopper of this invention; 
Rg. 7 is a schematic, partially cut-away view of the 
powder collection and recovery system herein; 
Rg. 8 is an end view of a powder collection cham- 
ber; and 

Rg. 9 is a side view of the powder collection cham- 
ber depicted in Fig. 8. 

Detailed Descriptlcn of the Ifwention 

[0022] Referring now to the Figs., the powder.coat- 
ing system 10 includes a powder spray booth 12, 
devices for transferring powder coating material frpm a 
powder kitchen 14 to the booth 12, and, a powder col- 
lection and recovery system 16 associated with the 
booth 12. These system elements are described sepa- 
rately below, including a discussion of the operation of 
each. 

Powder Spray Booth 

[0023] Referring to Figs. 1 and 2, the powder spray 
booth 12 includes a ceiling 18, floor 20. opposed side 
walls 22, 24 and opposed end walls defining a booth 
inlet 26 and a booth outlet 28. See also Fig. 7. This con- 
struction of spray booth 12 defines an interior 30 form- 
ing a controlled area in which to apply powder coating 
material onto objects such as a vehicle body 32 moved 
l3y a conveyor 34 through the longitudinally extending 
center portion 36 of the spray booth 12. Oversprayed 
powder material which does not adhere to the vehicle 
body 32 passes through gratings 38 located along the 
floor 20 of spray booth 12 and into the powder collection 
and recovery system 1 6 described in detail below. 
[0024] The powder spray booth 12 extends for a 
substantial longitudinal distance, and can be provided 
with a variety of powder spray guns positfoned at differ- 
ent locations therealong so that all areas of the vehicle 
body 32 are coated with powder coating material in the 
course of passage through the booth Interior 30. For 
purposes of illustration, a robot 40 carrying a spray gun 
42 is depk:ted on one side of the spray booth 1 2, and an 
oveitiead gun manipulator 44 is illustrated in position 
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above the vehicle body 32 carrying spray guns 46. 
Depending upon the size of the vehicle body 32, the 
types of powder coating material to be applied thereto, 
the desired areas of coverage on the vehicle body 32 
and other factors, essentially any number of spray guns 5 
manipulated either automatically or manually can be 
provided along the length of the spray booth 12 for cov- 
ering the vehicle body 32 with powder coating material. 
The particular location and operation of such spray 
guns forms no part of this invention of itself, and is 10 
therefore not discussed herein. 

[0025] In the presently preferred embodiment, the 
vehicle body 32 is held at ground potential by the con- 
veyor 34 and an electrostatic charge is imparted to the 
powder coating material by the spray guns 42 and 46. is 
The electrostatic charge applied to the powder material 
increases the quantity of powder which adheres to the 
vehicle body 32, and assists in retaining powder ther- 
eon, but a relatively large quantity of powder material is 
nevertheless "oversprayed". I.e. fails to adhere to the 20 
vehicle body 32. This oversprayed powder must be col- 
lected and recovered in the course of the powder coat- 
ing operation, as described below. 

Powder Transfer System 25 

[0026] An important feature of the apparatus 
involves the structure of system 10 for transferring the 
powder coating material from the powder kitchen 14 to 
the spray booth 1 2. In many vehicle manufacturing fadl- 30 
ities, the powder kitchen 14 is positioned at a remote 
location from the spray booth 12, e.g. several hundred 
feet away, and a large quantity of powder coating mate- 
rial must be rapidly transmitted therebetween. Powder 
flow rates of 1-2 pounds per second (0.45-0.91 kg/s), 35 
and total demand for powder of 300 pounds per hour 
(1*36.08 kg per hour) and up, are not uncommon. The 
overall configuration of the powder transfer system of 
this invention which is capable of efficiently and eco- 
nomically satisfying such parameters is described first, 40 
followed by a detailed discussion of the various sepa- 
rate elements making up such transfer system. 
[0027] The powder kitchen 14 is essentially a 
closed housing (not shown) which is provided with "con- 
ditioned" air, i.e. filtered and humidified air, supplied 45 
from an air house (not shown) of conventional design. 
Within the powder kitchen 14 is a source 54 housing vir- 
gin powder coating material, which is connected by a 
line 56 to a first powder receiver unit 58 described in 
detail below. The powder receiver unit 58 is connected so 
to a primary hopper 60. and by a suction hose 61 to a 
first vacuum pump 62. both of whk;h are housed in the 
powder kitchen 14. The primary hopper 60 is connected 
by a transfer line 64 to a second powder receiver 66 
coupled to a first feed hopper 68. This transfer Rne 64 55 
carries a first gate valve 70, and is connected to a first 
makeup air valve 72, both located downstream from the 
primary hopper 60 and within the powder kitchen 14. 



The makeup air valve 72 is connected to a pressurized 
air source 73, depicted schematteally in Rg. 1. As 
shown at the top of Fig. 1 , the second powder receiver 
66 and first feed hopper 68 are located proximate to the 
powder spray booth 1 2, but the transfer line 64 Intercon- 
necting the primary hopper 60 and second powder 
receiver 66 may be several hundred feet In length. The 
feed hopper 68 is connected by a line 67 to a third vac- 
uum pump 69 housed within the powder kitchen 14, and 
carries a powder pump 74 (See Rg. 5) whfch is con- 
nected by a line 76 to a robot hopper 78. The robot hop- 
per 78, in turn, is connected by a line 79 to the spray 
gun(8) 42 associated with robot 40. 
[0028] The right hand portion of powder kitchen 14, 
as depicted in Fig. 1 , contains similar structure to that 
described above in connection with primary hopper 60. 
Instead of receiving virgin powder coating material from 
container 54, this portion of the powder kitchen 14 is pri- 
marily supplied with collected, oversprayed powder from 
the collection and recovery system 1 6 of powder spray 
booth 12. In the presently prefen-ed embodiment, the 
powder kitchen 14 houses a reclaim hopper 80 coupled 
to a third powder receiver unit 82 of the same type as 
receiver units 58 and 66. The third powder receiver unit 
82 is connected by a line 83 to a third vacuum pump 84 
located within the powder kitchen 14, and is joined by a 
reclaim suction line 86 to the powder collection and 
recovery system 16 as discussed below. A second 
transfer line 88. carrying a gate valve 90 and makeup air 
valve 92 connected to air source 73, interconnects the 
reclaim hopper 80 with a fourth powder receiver unit 94. 
This fourth powder receiver unit 94 is coupled to a sec- 
ond feed hopper 96 located proximate the powder spray 
booth 1 2. As schematically deputed in Rgs. 1 and 5, 
the second feed hopper 96 includes a positive pressure 
powder pump 98 which supplies powder material 
through a line 100 to the spray guns 46 associated with 
overhead gun manipulator 44. The fourth powder 
receiver unit 94 Is connected to a fourth vacuum pump 
1 02, located within the powder kitchen 1 4, by a line 1 04. 
[0029] In the presently prefen-ed embodiment, the 
primary hopper 60, first feed hopper 68, robot hopper 
78, reclaim hopper 80 and second feed hopper 96 are 
each carried by an individual load cell 106A-E, respec- 
tively, of the type commercially available under Model 
Nos. FLB-3672-1 K and Hi 242 PS-C500 from the Hardy 
Instruments Company. The load cells 106A-E are 
"zeroed" or adjusted to reflect a zero weight when each 
of their associated hoppers are empty of powder coat- 
ing material. As discussed below, each load ceil 1 06A-E 
is operative to measure the weight or quantity of powder 
coating material deposited in their associated hoppers 
and produce a signal representative of such weight 
reading. These signals are transmitted to a Programma- 
ble Logic Controller 108 (PLC), preferably of the type 
commercially available from Allen Bradley of Cleveland, 
Ohio, under Model No. PLC-5. The controller 108, in 
tum, operates each of the vacuum pumps 62, 71, 84 
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and 102, as well , as valves 70, 72, 90 and 92, in 
response to the signals from load cells 1 06A-E. 

Operation of Powde r Transfer System 

5 

[0030] A detailed discussion of the structure and 
operation of each individual element of the powder 
transfer system is given below, but its overall operation 
can be described with reference to the schematic repre- 
sentation of Rg. 1 . Unlike many prior systems, the pow- io 
der transfer system employs negative pressure to 
transmit the powder coating material from the powder 
kitchen 14 to the powder spray booth 12. Additionally, 
the supply and transfer of powder is accomplished 
essentially automatically as the powder coating opera- is 
tion proceeds. 

[0031] Refenring initialiy to the left hand portion of 
the powder kitchen 14, virgin powder coating material is 
transferred from the source 54 when the controller 108 
activates the first vacuum pump 62. The first vacuum 20 
pump 62 creates a negative pressure within the first 
powder receiver 58 which, in turn, draws the virgin pow- 
der coating material from source 54 through line 56 into 
the first powder receiver 58. As described below, the 
first powder receiver 58 discharges powder coating 25 
material into the primary hopper 60, and the quantity of . 
such powder coating material received is monitored by 
the load cell 106A associated with primary hopper 60, 
When a predetermined level or quantity of powder coat- 
ing material is present within primary hopper 60, Its load 30 
cell 106A sends a signal representative of this condition 
to the controller 108, which. In tum, deactivates the first 
vacuum pump 62. 

[0032] The transfer of powder coating material from 
primary hopper 60 to the first feed hopper 68 is also 35 
accomplished under the application of negative pres- 
sure. The controller 108 activates the second vacuum 
pump 69 to create a negative pressure within the sec- 
ond powder receiver 66 associated with first feed hop- 
per 68. This negative pressure draws powder coating 40 
material from the primary hopper 60 into transfer line 
64, and through the gate valve 70 therein which is 
opened by controller 1 08 simultaneously with the activa- 
tion of second vacuum pump 69. The transfer of powder 
from primary hopper 60 is monitored by its load cell 45 
1 06 A which sends a signal to controller 1 08 when a pre- 
determined quantity or weight of powder is emitted from 
primary hopper 60. The controller 108, in turn, closes 
the gate valve 70 within transfer line 64 to stop the flow 
of powder thierethrough and turns off the second vac- so 
uum pump 69. Riling of the first feed hopper 68 with 
powder from the primary hopper 60 is accomplished by 
monitoring the weight or quantity of powder therein by 
its associated load cell 106B. When the quantity of pow- 
der in first feed hopper 68 falls below a predetermined ss 
level, its load cell 1 06B sends a signal to controller 1 08 
to acth/ate a metering device contained within the sec- 
ond powder receiver 66, as discussed in detail below. 



The powder transferred from primary hopper 60 to the 
second powder receiver 66 is then directed into the first 
feed hopper 68 until a predetermined weight is obtained 
therein, at which time a signal from load cell 106B to 
controller 1 08 causes the metering device within sec- 
ond powder receiver 66 to cease operation. 
[0033] As schematically depicted at the top of Fig. 
1, the powder coating material within the first feed hop- 
per 68 is removed by the powder pump 74 (see also Rg. 
5), under the application of positive pressure, and trans- 
mitted via line 76 into the robot hopper 78 carried by its 
own load cell 106C. Once the robot hopper 78 receives 
a sufficient quantity of powder coating material, as mon- 
itored by load cell 1 06C, the powder pump 74 is deacti- 
vated by controller 1 08 and a second powder pump 77 
transfers the powder coating material from robot hopper 
78 via line 79 to the spray guns 42 associated with robot 
40 for application onto the vehicle body 32. 
[0034] The purpose of the load cells 1 06 A- E is to 
provide for essentially automatic operation of the sys- 
tem 1 0 so that the flow rate and total quantity of powder 
coating material being transferred through the system 
keeps pace with the demand as a given number of vehi- 
cle bodies 32 pass through the powder spray booth 12. 
The load cells 1 06A-C associated with primary hopper 
60, first feed hopper 68 and robot hopper 78, respec- 
tively are each operative to monitor the quantity or 
weight of powder coating material therein and provide a »' > 

signal to the controller 108 in the event the quantity of 
powder falls below a predetermined level. When the 
controller 108 receives such signals, the appropriate - -i? 

vacuum pump or metering device is activated to transfer ^ 
powder coating material Into the hopper(s) whose sup- 1 
ply of coating material has been depleted. In this man- 
ner, all of the hoppers 60, 68 and 78 have a continuous, 
adequate supply of powder coating material. 
[0035] Because of the extreme length of transfer 
line 64, the powder kitchen 14 includes a valving 
arrangement to avoid the presence of residual powder, 
coating material within transfer line 64 when the second 
vacuum pump 69 is turned off to stop the flow of powder 
coating material from the primary hopper 60 to the sec- 
ond powder receiver 66. As noted above, during the 
transfer operation from primary hopper 60 through sec- 
ond powder receiver 66, the controller 108 opens gate 
valve 70 within transfer line 64. When the load cell 106A 
associated with primary hopper 60 indicates a predeter- 
mined quantity of powder has been emitted therefrom, 
the controller 1 08 deactivates second vacuum pump 69, 
closes gate valve 70 and opens makeup air valve 72 
within the powder kitchen 14. Pressurized air from the 
air source 73 then enters the transfer line 64 through 
makeup air valve 72 to "chase" or positively force the 
coating material which remains in transfer line 64 
upstream from the powder kitchen 14 Into the second 
powder receiver 66. This substantially prevents any 
accumulation of powder coating material within the 
transfer line 64 so that subsequent transfer operations 
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of powder from the primary hopper 60 to the first feed 
hopper 68 can be performed quickly and efficiently. 
[0036] With reference to the right hand portion of 
the powder kitchen 1 4, and top right hand portion of Fig. 
1 , the components of the powder transfer system which s 
supply powder coating material to the spray guns 46 are 
depicted. As discussed above, such elements include 
the reclaim hopper 80, third powder receiver 82 and 
third and fourth vacuum pumps 84. 102 within the pow- 
der kitchen 14; and, the fourth powder receiver 94, sec- to 
ond feed hopper 96 and third powder pump 98 located 
proximate the powder spray booth 12. The structure and 
operation of these elements is essentially identical to 
their counterparts on the left hand portion of Rg. 1, 
except that instead of transmitting solely virgin powder is 
coating material from the powder kitchen 14 to the spray 
booth 12 such elements transmit primarily collected, 
oversprayed powder coating material received from the 
collection and recovery system 1 6. 

[0037] In order to fill the reclarrii hopper 80 with 20 
oversprayed powder material, the third vacuum pump 
84 is activated by controller 108 which creates a nega- 
tive pressure within third powder receiver 82 to draw 
powder coating material via reclaim line 86 from the col- 
lection and recovery system 16 into the third powder 25 
receiver 82. In a manner fully discussed below, the third 
powder receiver 82 deposits the oversprayed powder 
material Into the reclaim hopper 80. The quantity of the 
powder entering the reclaim hopper 80 is monitored by 
load cell 106D associated therewith. From the reclaim 30 
hopper 80. the powder material is transferred to the 
fourth powder receiver 94 and second feed hopper 96 
when the controller 108 activates fourth vacuum pump 
102. The negative pressure created within the fourth 
powder receiver 94 pulls powder from the reclaim hop- 35 
per 80 into second transfer line 88, through the gate 
valve 90 opened by controller 108, and into the interior 
of fourth powder receiver 94. The second feed hopper 
96 receives such powder from the fourth powder 
receiver 94, the quantity of which is monitored by load 40 
cell 106E associated therewith, and the positive pres- 
sure powder pump 98 subsequently transfers the pow- 
der from second feed hopper 96 through line 1 CO to the 
spray guns 46 carried by gun manipulator 44. The oper- 
ation of vacuum pumps 84 and 102, and the metering 4s 
device associated with fourth powder receiver 94, is 
govemed by the controller 108 in the same manner as 
discussed above, i.e. In response to signals from the 
load cells 106D and 106E associated with the reclaim 
hopper 80 and second feed hopper 96. respectlvety. so 
The operation of the positive pressure powder pump 98 
is also governed by controller 108 depending upon the 
presence of vehicle bodies 32 within the powder spray 
booth 1 2. Valves 90 and 92 within the powder kitchen 1 4 
function in the identcal manner as valves 70 and 72 55 
described above. 

[0038] Before discussing each of the individual ele- 
ments associated with the powder transfer system in 



detail, two additional features of the powder transfer 
system should be noted. It is contemplated that in some 
applications the total quantity of powder coating mate- 
rial required from the reclaim hopper 80 may exceed the 
amount of oversprayed. powder coating material sup- 
plied thereto by the collection and recovery system 16. 
In order to ensure that a sufficient quantity of powder 
coating material is always present within reclaim hopper 
80, the primary hopper 60 containing virgin powder 
coating material includes a powder pump 110 con- 
nected by a line 1 12 to a minicycione 114 canied by the 
reclaim hopper 80. This minicycione 1 1 4 is commer- 
cially available from Nordson Corporation of Amherst, 
Ohio under Model No. PC-4-2. In the event the load cell 
106D associated with reclaim hopper 80 senses less 
than the required weight of powder material within 
reclaim hopper 80, and sufficient powder cannot be 
supplied from the collection and recovery system 16, 
then the controller 108 activates powder pump 110 to 
transfer virgin powder coating material through line 112 
and minicycione 1 14 into the reclaim hopper 80 to sup- 
plement the total amount of powder therein. If such 
transfer is required, both virgin powder coating material 
and oversprayed, collected powder coating material 
from the booth 1 2 are intermixed within the reclaim hop- 
per 80 and subsequently supplied to the spray guns 46 
in the manner described above. 

[0039] One further feature of the powder transfer 
system involves the utilization of a vent utility collector 
1 16 located within the powder kitchen 14 whfch is con- 
nected by a line 1 18 to a vent 120 at the top of primary 
hopper 60. Similarly, a second vent utiRty collector 122. 
also contained within the powder kitchen 14, is con- 
nected by a line 124 to the vent 126 of reclaim hopper 
80. Each of the vant utility collectors 11 6, 1 22 is opera- 
tive to provide ventilation to the interior of the primary 
and reclaim hoppers 60, 82, respectively, and to remove 
"fines" from the upper portion of the interior of such hop- 
pers 60. 82. The term "fines' as used herein refers to 
very small diameter particles of powder material which 
usually concentrate near the upper portion of powder 
supply hoppers and are so small that they often do not 
become electrostatically charged when emitted from 
spray guns such as spray guns 42 and 46. If they do not 
become charged, such small particles are not attracted 
to the surface of an article to be coated and therefore 
tend to collect within the system which reduces transfer 
efficiency, i.e. the proportion of particles wheh adhere 
to an article to be coated. These small particles or fines 
are therefore advantageously removed by the vent utility 
collectors 1 1 6 and 122 within the powder kitchen 1 4 for 
subsequent disposal. 

[0040] Having described the overall structure and 
operation of the powder transfer system of this inven- 
tion, the individual elements mentioned above are 
described in detail with reference to Figs. 2-6. 
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Powder Receivers 

[0041] Referring to Fig. 2, the powder receiver 58 
mentioned above is illustrated in detail. It should be 
understood that each of the other powder receivers 66, 5 
82 and 94 are structurally and functionally identical to 
powder receiver 58, and therefore only one of the pow- 
der receivers is discussed in detail herein. 
[0042] The powder receiver 58 includes a collector 
housing 128 having a hollow interior 1 30 within which a io 
cartridge filter 132 Is mounted by a plate 1 34. An access 
panel 136 is releasably secured by latches 138 along 
one side of the collector housing 1 28 to permit access 
to the cartridge filter 132. The interior 130 of collector 
housing 128 is vented by a vent 140, and its upper end i5 
is closed by a cap 142 secured thereto by latches 144. 
The cap 1 42 mounts a reverse air jet valve 1 46 in align- 
ment with the open end of cartridge filter 1 32 connected 
to plate 134. The reverse air jet valve 146 is connected 
by a line 148 to an accumulator 150 which, in turn, is 20 
connected to the source 73 of pressurized air depicted 
schematically in Fig. 2. The cap 142 also carries a fitting 
1 54 connected to a suction hose or line 61 from the first 
vacuum pump 62. The lower portion of collector housing 
1 28 includes a powder inlet 1 58 connected to the line 56 25 
from the container 54 carrying virgin powder coating 
material. The collector housing 128 tapers radially 
inwardly from the powder inlet 158. in a downward 
direction as depicted in Fig. 2, forming a tapered base 
portion 1 60 which includes external flanges 1 62. 30 
[0043] As discussed above, in order for the load cell 
106A associated with primary hopper 60 to function 
properly it must be "zeroed" or set at a zero weight read- 
ing with the primary hopper 60 completely empty of 
powder coating material. In this manner, only the pow- 35 
der coating material which actually enters the primary 
hopper 60 is weighed by the load cell 106A. In order to 
ensure an accurate weight reading of the powder is 
obtained within primary hopper 60, all of the elements 
associated with the first powder receiver unit 58 are 40 
supported independently of the primary hopper 60 upon 
a frame 1 64 depicted in Fig. 2. This frame 1 64 Includes 
a top plate 1 66 supported on vertical legs 1 68. angled 
braces 170 extending between the top plate 166 and 
vertical legs 1 68, and, one or more horizontal supports 45 
172 located at intermediate positions in between the 
vertical tegs 1 68. 

[0044] The collector housing 128 is mounted to the 
top plate 166 of frame 164 by bolts 174 extending 
between the external flange 162 of collector housing so 
1 28 and the top plate 1 66. Extending downwardly from 
the tapered base portion 160 of collector housing 128 is 
a flexible sleeve 176 which couples the collector hous- 
ing 1 28 with a rotary air lock metering device 1 78 of the 
type commercially available from Premier Pneumatics, 55 
Inc. of Salina, Kansas under Model No. MDR-F-G-76- 
10NH-2-RT-CHE-T3. The metering device 178 is driv- 
ingly connected by a belt (not shown) to the output of a 



motor 1 82 can-led on a support plate 1 84 connected to 
one of the vertical legs 1 68. The motor 182 is operative 
to rotate a series of internal vanes 1 86 within the meter- 
ing device 178 which transfer a metered quantity of 
powder coating material from the tapered base portion 
160 of collector housing 128 Into a rotary sieve 196 
mounted on a horizontal support 172, The rotary sieve 
196 is a commercially available item of the type manu- 
factured and sold by Azo Incorporated of Germany 
under Model No. E-240. The rotary sieve 1 96, in turn, 
transfers the powder coating material through a second 
flexible sleeve 1 98 into the powder inlet 200 of primary 
hopper 60 which is shown in more detail in Fig. 3 and 
described below. 

[0045] In operation, the first vacuum pump 62 is 
activated by controller 108 drawing a vacuum along 
suction hose or line 61 to create a negative pressure 
within the hollow interior 1 30 of collector housing 128. In 
turn, virgin powder coating material is drawn from the 
supply container 54 through line 56 and powder inlet 
158 into the hollow interior 1 30 of collector housing 1 28. 
Some of the powder coating material falls by gravity into 
the tapered base portion 160 of collector housing 128, 
and another portion of the powder coating material col- 
lects on the walls of the cartridge filter 132. Periodically, 
pressurized air supplied from the accumulator 150 is 
transmitted in pulses through the reverse air jet valve 
146 aligned with cartridge filter 132. These jets of air 
dislodge the powder coating material collected on the 
walls of filter 132 allowing it to fall downwardly into the 
tapered base portion 160 of collector housing 128. 
[0046] The powder coating material is transferred 
from the collector housing 128 by the air lock metering 
device 1 78, in response to operation of motor 1 82, such 
that a metered quantity of powder coating material 
enters the rotary sieve 196. After passing through the 
rotary sieve 1 96, the powder coating material falls by 
gravity through the flexible sleeve 1 98 and Into the pow- 
der inlet 200 of the primary hopper 60. When a prede- 
termined quantity of powder coating material is 
collected within primary hopper 60, the load cell 106A 
associated therewith sends a signal to the controller 
108, which, in turn, discontinues operation of the first 
vacuum pump 62. As mentioned above, all of the other 
powder receiver units 66, 82 and 94 in the powder trans- 
fer system herein are structurally and functionally iden- 
ttoal. 

Primary and Reclaim Hoppers 

[0047] The primary hopper 60 and reclaim hopper 
80 are essentially identical to one another, and. for pur- 
poses of discussion, only the primary hopper 60 is illus- 
trated and described in detail. With reference to Figs. 3 
and 4, the primary hopper 60 comprises a housing 202 
having an internal wall 204 in the general shape of a 
"figure 8". As such, the internal wall 204 includes two 
circular-shaped portions 206 and 208 which meet at a 
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reduced diameter area 210 at the center of housing 202 
defined by opposed, triangular-shaped baffles 212 and 
214 each connected to one side of the housing 202. 
Each of the baffles 212, 214 have a pair of side panels 
21 6, 21 8 which extend inwardly from a wall of the hous- 5 
tng 202 and meet to form an apex 220 toward the center 
of the housing interior 203. 

£0048] As best shown in Fig. 4, a porous plate 222 
is carried by mounts 224 near the base of housing 202 
which separates the housing interior 203 into a fluidized 10 
bed 226 located between the porous plate 222 and the 
top wall 228 of housing 202, and an air plenum 230 
located between the porous plate 222 and the bottom 
wall 232 of the housing 202. The air plenum 230 con- 
tains a number of baffles 270 and a generally U-shaped, 75 
perforated air tube 272. The bottom wall 232 rests atop 
the load ceil 1 06A, discussed above in connection with 
the powder transfer system of this invention. 
[0049] The top wall 228 of housing 202 supports a 
first agitator 234, a second agitator 236 and an access 20 
cover 238 having a handle 240 and latch mechanisms 
242 which is mounted by a hinge 243 over an opening 
244 in the top wall 228. This opening 244 is offset from 
the powder inlet 200 of primary hopper 60 so that 
access to in housing interior 203 for maintenance or the 25 
like can be obtained v/lthout interference with the pow- 
der Inlet 200. The first agitator 234 includes a motor 246 
connected by a shaft 248 to a gear box 250. The output 
of gear box 250 is drivvigly connected to a shaft 252 
encased within a tube 254. The lower end of shaft 252 3o 
mounts at least two agitator paddles 256 which are 
rotatable within the circular portion 206 of the housing 
interior 203 formed by internal wall 204. at a location 
vertically above the porous plate 222, The second agita- 
tor 236 has a similar construction to first agitator 234. 3S 
Second agitator 236 includes a motor 258 having a 
shaft 260 connected to a gear box 262 whose output is 
drivingly connected to a shaft 264 encased within a tube 
266. Two or more paddles 268 are mounted at the base 
of shaft 264 within the other circular portion 208 of 40 
housing interior 203 formed by internal wall 204. As 
depicted in Fig. 4, the shaft 264 and tube 266 associ- 
ated with second agitator 236 are slightly longer than 
their counterparts in the first agitator 234 so that the 
paddles 268 of second agitator 236 are located closer to 45 
the porous plate 222 than those of first agitator 234. The 
paddles 256, 268 overiap but do not interfere with one 
another because of the vertical offset. 
[0050] As mentioned above, the system is prefera- 
bly arranged to provide for the transfer of large quanti- so 
ties of powder coating material e.g. on the order of 300 
pounds per hour (2.27 kg/s) and up. at flow rates of 1 -2 
pounds per second (0.454-0.907 kg/s), while maintain- 
ing the desired density and partk;le distribution within 
the flow of powder coating material. As noted above, the 55 
term "density" refers to the relative mixture or ratio of 
powder to air. and the term 'particle distribution' refers 
to the disbursion of powder particles of different sizes 



within the flow of powder coating material. The primary 
hopper 60 and reclaim hopper 80 are designed to meet 
the desired density and particle distribution require- 
ments at high throughputs of powder coating material. 
[0051] In operation, pressurized air is introduced 
into the perforated air tube 272 within air plenum 230 
creating an upward flow of air which is evenly distributed 
by the baffles 270 across the bottom of porous plate 
222. Powder coating material is introduced into the 
housing interior 203 through its powder inlet 200 and 
distributed along the porous plate 222 by the upward, 
fluidizing air flow therethrough and by operation of the 
first and second agitators 234, 236. The figure 8' 
shape of the housing interior 203 defined by internal 
wall 204 substantially eliminates "dead spots' therein as 
the agitator paddles 256, 268 move relative to the 
porous plate 222 so that the powder coating material is 
evenly distributed along the entire surface area of 
porous plate 222 and agglomeration or bunching up of 
the powder material is substantially eliminated. This 
produces an even, uniform powder distribution within 
the fluidized bed 226 having the desired particle distri- 
bution and density. In response to activation of the third 
vacuum pump 69. air entrained, powder coating mate- 
rial is withdrawn from the housing 202 of primary hop- 
per 60 through a suction tube 274 inserted within the 
housing interior 203, which, in turn, is connected to 
transfer line 64 described above. 



[0052] The first and second feed hoppers 68 and 96 
are essentially identical In construction and therefore 
only the details of first feed hopper 68 are discussed 
herein. With reference to Rg. 5. feed hopper 68 com- 
prises a housing 276 having a top wall 278 formed with 
an opening closed by a cover 279, a substantially cylin- 
drical-shaped side wall 280 and a bottom wall 282 car- 
ried by the load cell 106B. The housing 276 defines an 
interior which is separated into essentially three discreet 
areas. One area is a fluidized bed 284 extending 
between the top wall 278 and a porous plate 286 which 
extends outwardly from the housing side wall 280 and is 
supported thereto by brackets 288. A second area 
within the housing 276 is air plenum 290 which extends 
between the porous plate 286 and a circular mounting 
plate 292 carried by brackets 294 mounted to the side 
wall 280. The third area within the interior of housing 
276 is a motor chamber 296 extending between the 
nrK>unting plate 292 and bottom wall 282. 
[0053] The feed hopper 68 is provided with an agi- 
tator 298 which includes a motor 300 carried within the 
motor chamber 296 by a motor mount 302 connected to 
the mounting plate 292. The output of motor 300 is driv- 
ingly connected to a shaft 304 rotatabty candied within a 
bearing 306. The bearing 306 is mounted by a bearing 
mount 308 to the mounting plate 292 and extends verti- 
cally upwardly through the air plenum 290 to a point 
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immediately above the porous plate 286. At least two 
paddles 308 are secured by a lock nut 310 at the top of 

shaft 304 which extends through bearing 306, so that in 
response to operation of motor 300 the paddles 308 are 
rotated with respect to the porous plate 286 at a location 5 
immediately thereabove. 

[0054] At least two air Inlets 312, canried by mount- 
ing plate 292, are connected by tubes 31 4 to an air sup- 
ply line 316, In a manner not shown, which enters one 
side of the motor chamber 296. This air supply line 316, 10 
In turn, Is connected to the source of pressurized air 73 
described above in connection with the powder receiv- 
ers. An upwardly directed flow of air is provided through 
the air Inlets 31 2 Into the air plenum 290 where the air Is 
deflected by baffles 318 mounted to the bearing 306. is 
The purpose of these baffles Is fully disclosed In U.S. 
Patent No. 5,018,909, owned by the assignee of this 
invention, the disclosure of which is incorporated by ref- 
erence In its entirety herein. 

[0055] In operation, powder coating material is 20 
introduced into the ftuldized bed 284 of housing 276 
through a tapered, powder Inlet 320 mounted along the 
side wall 280 of housing 276. The motor 300 Is opera- 
tive to rotate paddles 308 so that the powder coating 
material is evenly distributed along the porous plate 286 25 
with no dead spots. The powder coating material is flu- 
Idized along the porous plate 286 by the upwardly 
directed flow of air from air supply line 31 6 and air inlets 
312. In order to remove the powder coating material 
from housing 276, one or more powder pumps such as 30 
pump 74 Is operated to draw the powder coating mate- 
rial through a suction tube 322 which extends into the 
housing Interior immediately above the porous plate 
286. A number of suction tubes 322 are shown In Fig. 5 
for purposes of illustrating that multiple powder pumps 35 
74 could be employed to draw powder from feed hopper 
68. 



Robot Hopper 



40 



[0056] The robot hopper 78 schematically depicted 
in Fig. 1 is shown in more detail in Fig. 6. In the pres- 
ently prefen-ed embodiment the robot hopper 78 
includes a cylindrical base forming a combined air ple- 
num and motor chamber 324 which houses a motor 326 4S 
drivingly connected to a shaft 328 whose upper end 
mounts one or more paddles 330. The top portion of 
robot hopper 78 Includes a cylindrical housing 332 hav- 
ing a top wall 334 and a bottom wall formed by a porous 
plate 336 which communicates with the air plenum and so 
motor chamber 324. The cylindrical housing 332 
defines a fluidized bed 338 within which a rectangular- 
shaped plate or baffle 340 is mounted. The baffle 340 is 
vertically spaced above the porous plate 336 and 
divides the fluidized bed 338 into two sections. In one 55 
section or side of baffle 340, powder coating material 
from feed hopper 68 is introduced through a powder 
inlet 342 schematically depicted at the top of the cylin- 



drical housing 332. A suction tube 344 associated with 
the powder pump 79 is mounted to cylindrical housing 
332 on the opposite side of baffle 340. and this suction 
tube 344 tennlnates Immediately above the porous 
plate 336. 

[0057] The robot, hopper 78 receives powder coat- 
ing material via line 76 from powder pump 74 associ- 
ated with feed hopper 68. The powder coating material 
enters the powder inlet 342 of cylindrical housing 332 
and Is directed downwardly along one side of baffle 340 
onto the porous plate 336. The motor 326 Is operative to 
rotate paddles 330 immediately above the porous plate 
336 so that a uniform flow of air entrained powder mate- 
rial can be withdrawn by the powder pump 79 through 
suction tube 344 for transmission to the robot 40 and its 
associated spray guns 42. It has been found that the 
presence of baffle 340 within the Interior of cylindrical 
housing 332 assists in stabilizing the fluidization of pow- 
der coating material across the porous plate 336 to 
ensure that the desired density and powder distribution 
within the flow of powder coating material withdrawn by 
powder pump 79 is maintained. 

Powder Collection and Recovery System 

[0058] With reference to Rgs. 1 and 7-9, the-pow- 
der collection and recovery system 1 6 is illustrated in 
further detail. This system 1 6 is generally related to that 
disclosed in U.S. Patent No. 5,078,084 to Shutic, et aJ... 
As noted above, the powder collection and recovery 
system 1 6 is located below the floor 20 of powder spray 
booth 12 on either side of the center portion 36 of booth 
12 along which the vehicle bodies 32 are transported by 
conveyor 34. As depicted at the left hand portion of Fig. 
7, gratings 38 cover the booth floor 20 so that over- 
sprayed, air entrained powder coating material can be 
drawn downwardly from any area within the booth Inte- 
rior 30 into the system 16. 

[0059] The powder collection and recovery 16 is 
modular in construction and generally comprises a 
series of powder collection units 346 mounted side-by- 
side and extending longitudinally along the entire length 
of the booth 1 2. See center of Fig. 7. The powder collec- 
tion units 346 are connected in groups of three or four, 
for example, to individual fan or blower units 348 located 
beneath the powder collection units 346, as shown in 
Fig. 1 and the right side of Fig. 7. Each of the powder 
collection units 346 includes a collector housing 350 
having opposed side walls 354, 356, opposed end walls 
358, 360 and an angled or sloped bottom wall 362. A 
clean air chamber 364 is located at the top of collector 
housing 350 which is fonned by a pair of inwardly 
angled support plates 366, 367 each having a number 
of spaced openings 368, opposed side plates 369, 370, 
and, a pair of access doors 371, 372 wh'ch are hinged 
to the side plates 369, 370, respectively. The clean air 
chamber 364 extends across the length of collector 
housing 350 and connects to an extension 373, the pur- 
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pose of which is described below. The lower portion of 
coilector housing 50 forms a powder collection chamber 
374 having tapered sidewalls and a bottom wall defined 
by a porous plate 376. The porous plate 376 is mounted 
above the base 362 ot coilector housing 350, at an 
angle of approximately five degrees with respect to hor- 
izontal, which forms an air plenum 377 therebetween. 
An upwardly directive flow of air is introduced into the air 
plenum 377 beneath the porous plate 376 through an 
inlet (not shown) so that powder coating material enter- 
ing the powder collection chamber 374 is fluidized atop 
the porous plate 376. 

[0060] In the presently preferred embodiment, two 
groups or banks of cartridge fitters 376 are located 
within the powder collection chamber 374 and are 
arranged in an inverted V shape as seen in Rg. 8. The 
open top of each cartridge filter 378 is carried by one of 
the support plates 366, 367 of clean air chamber 364 in 
position over an opening 368 in such plates 366, 367. 
Each cartridge filter 378 has a central rod 382 threaded 
at its upper end to receive a mount 384 which is tight- 
ened down on the rod 382 such that one of the support 
plates 366 or 367 is sandwiched between the mount 
384 and the top of a cartridge filter 378. Preferably, one 
or more filter mounting plates 386 extending between 
end walls 358, 360 of collector housing 350 provide 
additional support for each cartridge filter 378. 
[0061] In order to dislodge powder coating material 
from the walls of the cartridge filters 378, which enters 
the collector housing 350 as discussed below, a set or 
group of air jet nozzles 392 is provided for each bank of 
cartridge filters 378. One set of air jet nozzles 392 is 
carried on a nozzle support 394 mounted within clean 
air chamber 364, and the second set of air jet nozzles 
392 is carried on a nozzle support 396 within the clean 
air chamber 364. As depicted in Fig. 8, each set of air jet 
nozzles 382 is aimed at the open tops of one group or 
bank of cartridge fitters 378. The air jet nozzles 392 
associated with each bank of cartridge filters 378 are 
connected by air lines 398 to a pneumatic valve 400, 
which, in turn, is connected to the source 73 of pressu- 
rized air. In response to a signal from the system con- 
troller 108, the pneumatic valves 400 are operated to 
selectively direct pressurized air through air lines 398 so 
that a jet of pressurized air is emitted from the air Jet 
nozzles 392 into the interior of one or both of the banks 
of cartridge filters 378. These pulsed jets of air dislodge 
powder coating material from the walls of the cartridge 
filters 378 so that it can fall by gravity into the powder 
collection chamber 374 and. onto the porous plate 376. 
[0082] With reference to Figs. 1 and 7, air entrained 
powder coating material is drawn Into each of the pow- 
der collection units 346 from the booth interior 30 under 
the application of a negative pressure exerted by the 
blower units 348 mentioned above. Each of the blower 
units 348 includes a fan plenum 402 which houses a fan 
or blower 404 and a number of final fitters 406 depicted 
schematically in Fig. 1 . The fan plenum 402 is formed 



with a number of openings 408 over which an exhaust 
duct 410 is fixedly mounted. Each exhaust duct 410 
extends verttealiy upwardly into engagement with a cou- 
pling 412 located at the base of one of the extensions 

5 373 of the clean air chambers 364 associated with each 
powder collection unit 346. In response to the operation 
of blower 404 within fan plenum 402, a negative pres- 
sure is developed within the exhaust duct 41 0 and. in 
turn, within the clean air chamber 364 associated with 

10 each of the powder collection units 346. This negative 
pressure creates a downwardly directed flow of air in the 
booth interior 30 within which oversprayed powder coat- 
ing material is entrained. The air entrained powder coat- 
ing material passes through the gratings 38 at ttie floor 

15 20 of the spray booth 12 and enters each of the powder 
collection units 346 where the powder coating material 
Is collected along the walls of the cartridge filters 378 or 
falls onto the porous plate 376 at the base of collector 
housing 350. 

20 [0063] An important feature of the powder collection 
and recovery system 16 is that one blower unit 348 
services a limited number of powder collection units 
346. For example, the blower unit 348A depicted on the 
right hand portion of Fig. 7 has a fan plenum 402 fonmed 

25 with four openings 408 each of which receive an 
exhaust duct 410 connected to one powder collection 
unit 346. Accordingly, four powder collection units 346 
are accommodated by one blower unit 348A. Other 
blower units 348 are associated with relatively small 

30 groups of adjacent powder collection units 346 which 
results in the application of a uniform, downwardly 
directed flow of air throughout the booth interior 30. Fur- 
ther, the configuration of the clean air chamber exten- 
sions 373 of each powder collection unit 346 pemnits 

35 the powder collection units 346 on one side of spray 
booth 12 to "dovetail" or fit closely adjacent the powder 
collection units 346 on the opposite side of booth 12. 
See center of Fig. 7. This conserves space and reduces 
the overall dimension of the booth 1 2. 

40 [0064] Another feature of the powder collection and 
recovery system 16 is the retrieval of collected, over- 
sprayed powder from the powder collection units 346 for 
recirculation back to the powder kitchen 14. As men- 
tioned above, air entrained powder material from the 

45 booth interior 30 is drawn into each of the powder col- 
lection units 346 and falls either by gravity onto the 
porous plate 376 at the base thereof or is dislodged 
from the walls of the cartridge filters 378 by periodic 
bursts of pressurized air emitted from the air jet nozzles 

50 392. In the presently preferred embodiment movement 
of the powder onto the porous plate 376 is assisted by 
the forming of the wails 354-362 of the collector housing 
350 of each powder collection unit 346 of a relatively 
thin gauge metal, such as 18-20 gauge No. 304 stain- 

55 less steel, so that they vibrate when the reverse jets of 
pressurized air are emitted from air jet nozzles 392. 
Because the porous plate 376 is angled at about five 
degrees with respect to horizontal, the fluidized powder 
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coating material thereon flows toward an outlet 422 on 
one side of the collector housing 350 at the lower end of 
porous plate 376. In turn, each of the outlets 422 of 
powder collection units 346 is connected by a branch 
line 424 to a common header pipe 426 which extends 5 
longitudinally along the length of powder booth 12 on 
both sides thereof. The header pipe 426 Is connected to 
the reclaim line 86 which leads to the third powder 
receiver 82 within the powder kitchen 14. Preferably, a 
guillotine-type gate valve 428 is carried within each ,0 
branch line 424, and these valves 428 are movable 
between an open position to pemrilt the flow of powder 
coating material therethrough and a closed position to 
prevent such flow. 

[0065] In response to activation of the third, vacuum is 
pump 84 within the powder kitchen 14, which is associ- 
ated with third powder receiver 82 and reclaim hopper 
80 as described above, a negative pressure is produced 
within the header pipe 426. The system controller 108, 
mentioned above in connection with the powder transfer 20 
system, is operative to selectively open the gate valves 
428 associated with each powder collection unit 346 so 
that the powder therein Is drawn, through their respec- 
tive branch lines 424 into header pipe 426. Because of 
the large number of powder collection units 346, only a 25 
predetermined number of gate valves 428 are opened 
at any given time to limit the total amount of powder 
material which is allowed to enter the header pipe 426 
for transfer to the reclaim line 136 leading to the third 
powder receiver 82 and reclaim hopper 80. 30 
[0066] With reference to Fig. 1, a pressure sensor 
430 is schematically depicted as being connected to the 
fan plenum 402 of the blower unit 348. The purpose of 
pressure sensor 430 is to sense the pressure drop 
across final filters 406 within blower unit 348 and send a 35 
signal representative of same to the controller 108. In 
the event of a failure or other problem with one or more 
cartridge filters 378 within the powder collection unit 
346 associated with a given blower unit 348, the pas- 
sage of powder coating material into the clean air cham- 40 
ber 364 and then to the final filters 406 creates a 
pressure drop across the final filters 406. This pressure 
drop is sensed by the pressure sensor 430 at which 
time a signal representative of such pressure drop Is 
sent to the controller 1 08 to alert the operator of a prob- 45 
lem within such powder collection unit 346. Because 
there are a number of blower units 348, each associated 
with a group of powder collection units 346, a failure 
within the powder collection and recovery system 16 
can be pinpointed and attributed to one blower unit 348 so 
and an associated group of powder collection units 346. 
This facilitates maintenance of the system and avoids 
the operator having to check each of the blower units 
348 for such problems. 

[0067] While the invention has been described with ss 
reference to a preferred embodiment, it should be 
understood by those skilled in the art that various 
changes made be made and equivalents may be substi- 



tuted for elements thereof. 

[0068] For example, the system 10 has been 
depicted with a single primary hopper 60, a single 
reclaim hopper 80, a feed hopper 68 associated with a 
robot hopper 78 and robot 40, and, a feed hopper 96 
associated with an overhead gun manipulator 44. It 
should be understood that the embodiment of system 
10 depicted in the Figs, and described above is 
intended for purposes of illustration of the subject mat- 
ter of this Invention, and that the system 10 could be 
modified depending upon the requirements of a particu- 
lar application. Multiple primary hoppers 60 and reclaim 
hoppers 80 can be employed, and a variety of spray gun 
configurations can be utilized including automatically 
and manually manipulated guns supplied with different 
combinations of feed hoppers and/or robot hoppers. 

Claims 

1. Apparatus for applying powder coating material 
onto objects comprising a powder spray booth (12) 
having an interior (30) in which powder coating 
material is applied to objects moving therethrough, 
powder collection units (346) extending along sub- 
stantially the length of the booth (12), each of the 
powder collection units (346) having a powder col- 
lection chamber (374) for receiving oversprayed 
powder material from the interior of the spray booth, 
at least one filter (378) located within each of the 
powder collection chambers (374) for collecting 
oversprayed powder, at least one air vah/e (392) 
positioned to inject pulses of compressed air into 
the filter (378) to dislodge powder adhering to the 
fitter (378) and allow the powder to fall into the bot- 
tom of the powder collection chambers (374), 
wherein the bottom of each of the powder collection 
chambers (374) includes an inclined porous plate 
(376) which is mounted at an angle relative to hori- 
zontal, wherein each powder collection chamber 
has an air inlet for directing a flow of air through the 
inclined porous plate (376) to fluidize powder coat- 
ing material above the inclined porous plate (376) 
and an outlet (422) provided at the lower end of the 
inclined porous plate (376), and wherein the outlets 
(422) are connected to at least one header pipe 
(426) which Is connected through a reclaim powder 
receiver (82) to a source of suction (84) whereby 
oversprayed powder coating material is drawn from 
the powder collection units (346) through the out- 
lets (422) and header pipe (426) into the reclaim 
powder receiver (82). 

2. The apparatus of Claim 1 further comprising a 
branch line (424) between each outlet (422) and the 
header pipe (426). 

3. The apparatus of Claim 2 further comprising a valve 
(428) associated with each of the branch lines (424) 
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to control the flow of recovered powder from the 
powder collection units (346) into the header pipe 
(426), 

4. The apparatus of Claim 3 further comprising a con- 5 
troller (1 08) for controlling the timing of the opening 
and closing all the valves (428). 

5. The apparatus of any preceding Claim wherein the 
source of suction is a vacuum pump (84). io 

6. The apparatus of any preceding Claim wherein the 
reclaim powder receiver (82) is positioned above a 
reclaim powder hopper (80). 

IS 

7. The apparatus of Claim 6 wherein a rotating air lock 
valve (178) delivers powder from the reclaim pow- 
der receiver (82) into the reclaim hopper (80). 

8. The apparatus of any preceding Claim wherein 20 
there are two header pipes (426), each of which is 
connected to a reclaim line (86) which ts connected 

to the reclaim powder receiver (82). 

9. The apparatus of Claim 8 wherein powder collec- 25 
tion chambers (374) extend in two rows along oppo* 
site sides of the booth, and wherein one of the 
header pipes (426) receives powder from the pow- 
der collection chambers (374) in one row and the 
other header pipe (426) receives powder from the 30 
powder collection from the powder collection cham- 
bers (374) in the other row. 
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(54) Powder coating system 

(57) An apparatus for applying powder coating ma- 
terial onto large objects such as automotive, truck or oth- 
er vehicle bodies (32) includes a powder spray booth 
(12) defining a controlled area (30) within which to apply 
powder coating material onto the vehicle bodies (32), a 
powder kitchen (14) located at a remote position from 
the powder spray booth (12), and a number of feed hop- 
pers (68, 96) located proximate the booth which receive 



powder coating material from the powder kitchen (14) 
and supply it to automatically or manually manipulated 
powder spray guns (42, 46) associated with the spray 
booth (12). Oversprayed powder coating material Is re- 
moved from the spray booth (12) interior by a powder 
collection and recovery system (1 6) which transmits the 
oversprayed powder back to the powder kitchen (14) for 
recirculation to the powder spray guns (42, 46). 
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